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F H ,  is projecting from the cylinder at the end of the stroke. 
An adjustable wearing piece is fitted in the piston for the 
purpose of lifting and keeping its weight from wearing the 
bottom of the cylinder. This piece is set up by a screw (Fig. 
1) worked by means of the worm-wheel, shown at Fig. 4, 
the weight being carried by the small cylinder. The features 
of thc design are clearly given by the figures; but it mar be 
mentioned that it is claimed by the inventor that his desIgns 
secure-(1.) Short stiff piston rods. (2.) The space beyond 
the crank shaft not being occupied by machinery for com
municating motion from the piston to the crank, is entirely 
free for occupation by the condensers alone, securing thus 
simplicity of arrangement, compactness, and accessibility. 
(3.) The frame bearings are elose to the crank sides, no space 
being required to allow the piston rods to pass between the 
crank sides and the frames. (4.) No outer guide blocks are 
used, the engines being self-contained. (5.) The weight of 
piston equally supported from end to end of the stroke 
by the sliding saddle-block. (6. ) Occupies a small space for 
a given power. 

In comparison with double trunk engines, the advantages 
are that there are no large trunks working through large 
soft packed stuffing-boxes, and therefore no alternate ex
pos ure of trunks to atmosphere and steam. The space for a 
given power is small, and the cylinder is brought nearer the 
shaft by shorter framing.-Engi neer. 

[VAN NOSTRAND'S ENGINEERING MAGAZINE.' 

NOTES ON THE HYDRAULIC AND OTHER CEMENTS 
AT THE PHILADELPHIA EXHIBITION. 

By Q. A. GILLMORE, Lieut.-Col. Engineers, Brevet-Major 
General, U. S. Army. 

PORTLAND CEMENT. 

PORTLAND cement may be produced by burning with a 
suitable heat, usually of an intensity and duration sufficient 
to induce incipient vitrification: 

1. Certain argillaceous limes tones, or 
2. Certain calcareous clays, or 
3. An artificial mixture of carbonate of lime and clay, or 
4. An artificial mixture of caustic lime and clay. 
The burnt product is reduced to powder by grinding. 
These four methods of making this cement were all repre-

sen ted at the Exhibition, and will be briefly described. 
Fir8t Method.-By this method the cement is produced by 

burning and grinding an argillaceous limestone containing 
from 77 to 80 per cent. of carbonate of lime, and 20 to 23 per 
cent. of clay. The stone should be a homogeneous and in
ti mate mixture of the constituent ingredients, and the clay in 
it should contain at least 1 t to 2 parts of silica to one of 
alumina. There are generally present also carbonate of mag
nesia and oxide of iron in small quantities, and sometimes, 
and not injuriously, a small percentage of alkali ne com
pounds, but not less than 94 per cent. of the essential in
gredients-the carbonate of lime and clay-should be present, 
in order to yield a Portland cement of first <J.uality. The 
presence of carbonate of magnesia becomes senously objec
tionable when its amount exceeds 3 per cent. of the whole. 

Only two localities are represented by this method of mak
ing Portland cement, viz., Teil, in France, on the river 
Rhone, and Coplay, in the United States, near Allentowu, 
Pa. The Teil cement is the unslaked residuum produced in 
manufacturing the siliceous hydraulic lime of Teil. It is 
burnt at a lower heat than any other Portland eement 
exhibited. 

F1C _I 

'fhePortland cement made at Coplay is produced from an 
argillaceous limes tone which has for several years been used 
in making the quick-setting cement of that locality. The 
stone contains in suitable proportions all the essential in
gredients of unburnt Portland cemeJ;lt, but it is not an inti
mate and homogeneous mixture of those ingredients, and 
when broken into fragments and burnt at a high heat it 
yields a heterogeneous mixture containing Portland cement, 
common cement, caustic lime, and hydraulic lime. In order 
to make Portland cement from it, it is first finely ground be
tween mill stones, then tempered stiffly with water and 
formed into irregular sha,Ped lumps or balls. These, after 
partial drying, are burnt III intermittent . upright kilns, in 
layers alternating with layers of anthracite coal. The 
ce me nt is known in the market as Saylor's Portland cement. 

At Seilley, in France, a small town only a few hours ride 
by rail from Paris, Portland cement was made, six years ago, 
by M. FranQois Coignet, by a mode essentially the same as 
that pursued at Teil, but none of it was in the Philadelphia 
Exhibition, and I do not know whether the establishment is 
in operation at the present time or not, neither do I know of 
any locality except Teil and Seilley, in France, and Coplay, 
in the United States, where an argillaceou8 limestone is 
found from which this grade of ce me nt can be made with
out the addition of other materials. 

Second Metlwd.-Argillaceous chalk, or, as it is sometimes 
called, calcareous elay, of the same composition as the 
natural stone above mentioned, is used for making Portland 
cement by the second method, and either the wet process or 
the dry process may be followed. The wet process is the 
most common, and throughout Europe the prevailing custom 
is to burn it in layers alternating with gas coke, or anthracite 
coal, in an upright intermittent kiln. 

The only locality known to furnish the material for making 
cement by this method is near Boulogne-sur-Mer, Franee, 
where the extensive establishment of Messrs. Lonquety & 
Co. is engaged in this business. The material is found in 
the inferior cretaceous formation, and consists of an argilla
ceous chalk, containing from 76 to 82 per cent. of carbonate 
of lime and 18 to 24 per cent. of clay. The deposit is soft 
enough to be exc9.vated with a pick and shovel, and it is 
manipulated by the wet process, 

The Third Method consists in producing Portland cement 
by burning an artificial mixture of carbonate of lime and 
clay, and is specially applicable to localities where chalk or 
tender marI abounds. The hard compact limestone may aIso 
be used, although it must be borne in mind that the large 
consumption of power involved in the reduction of the hard 
carbonates to powder pI aces them under a disadvantage 
wh ich practically excludes their employment in regions 
which supply chalk. Suitable clay is of more rare occurrence 
than suitable limestone, for the reason that the former must 
contain silica and alumina, nct only in certain proportions, 
but in a certain state of comminution. 

All the English Portland cements are made by the wet pro
cess with a mixture of chalk-either white or gray-and 
clay procured from the shores or dredged from the bot tom of 
the Medway or the Thames. The exhibitors were Francis& 
Co., Hollick & 00., A. H. Lavers, the Wouldham Cement 
Co., and Eastwood & Co., all of· London. Eastwood & Co. 
exhibited briquettes of cement formed for testing, but none 
of the cement in powder. 

The Scaniau Cement Co., whose works at Lomma, near 
Malmö, Sweden, use cretaceous chalk and clay, operate by 
the wet process, and burn in upright kilns, with eoke made 
on the spot from English eoal. 

The Wampum Cement & Lime Co. (limited), of New 
Castle, Lawrence' Co., Penn., exhibited a cement made by 
the dry process from fossil limestone and clay, both being 
ground together in suitable proportions, and the mixture 
tempered with water, formed into bricks, dried in ovens, and 
then burnt in intermittent kilns. 

Wm. McKay, of Ottawa, Canada, had on exhibition some 
paten ted cement made with a mixt ure of shell marI, clay, 
and a small percentage of carbonate of soda. It was pre
pared experimentally and has never been manufactured for 
market. 

In the Fourth Method of making this cement, the carbon
ate of lime is burnt and slacked before the clay is added, 
and the proportions are correspondingly varied by making 
the proper allowance for the loss of weight by the first burn
ing. The celebrated Vicat cemen� is produced by this 
method in France by the wet process. A sampIe of it, in
formally exhibited by an importer, did not sustain its repu
tation for superiority to the average Portland cements made 
from carbonate of lime and clay, than which it usually com
mands a higher price in all markets regulated by intelligent 
discrimination with respect to quality. 

The cement exhibited by Messrs. Toep:tl'er, Grawitz & 
Co., of Stettin, Germany, made from an artificial mixture of 
lime and clay, justifies, by its excellence, this method of 
manufacture. 

(It may be stated here that "The National Portland Ce
ment Company of Kingston," has been organized for making 
this grade of cement at Kingston, Ulster Co., New York, on 
the bank of the Hudson River, the materials employed being 
fuller's earth, kaolin and lime. They are thoroughly ground 
and mixed together by the wet process, although much less 
water is employed in the manipulation than in either the 
English works on the Thames or in the works at Boulogne, 
France. Sam pIes of this cement recently tested gave excel
lent results, as good indeed as those obtained with the best 
article on exhibition.) 

Other Portland cements besides those above named were 
in the Exhibition, and were carefully examined and tested, 
but as no information was furnished with re!!'ard to kinds of 
materials used and met.hods followed in theIr manufacture. 
no special reference will be made to them here except to give 
them their proper place in the accompanying table, which 
assigns to them their relative value. 

It is hoped and believed that the manufacture of Port
land cement in the United States has taken such a start 
that in a short time, possibly within a few months, very 
little, if any, of the foreign artic1e will find a market here, ex
cept upon the Pacific Co ast, where it will be procured by di
rect importation. 

THE NATURAL QUICK-SETTING CEMENTS. 

The natural light, quick-setting cements, known also as 
Roman cements, are produced by burning at a comparatively 
low heat, not greatly exceeding in intensity and duration 
what would suffice to expel the carbolic acid, certain argil
laceous or siliceous limestones, usually containing less than 
77 per cent. of carbonate of lime, or argillo-magnesian lime
stones which contain less than 77 per cent. of both carbon
ates, and then grinding the product to a fine powder between 
millstones. They can be, and in Europe were formerly, pro
duced artificially by burning a mixture of lime, or of carbon
ate of lime and clay, before Portland cement became known 
by the discovery that with certain definite proportions of 
the ingredients, and by burning at a high heat, the quality 
of the produet was vastly improved. The greater value of 
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the Portland cement, producing as it does a mortar possess
ing about four times the strength at much less than twice the 
cost of the light, quick-setting artificial cements, gradually 
drove these from the market, and their manufacture soon 
ceased and has never been resumed. 

It is not to be expected that the use of the natural light 
cemcnts will be altogether superseded by that of Port land. 
For certain purposes they are as necessary, not to say as in
dispensable, at the present day, as they were when their in 
troduction revolutionized the former methods of executing 
submarine constructions in masonry, by taking the place of 
the feebly hydraulic mixtures made from hydraulic lime, 
trass, or natural or artificial puzzuolana. They possess suf
ficient strength for the purposes to which they are usually 
applied, viz., for massive concrete foundations and walls, for 
the concrete hearthing and backing of thick walls faced with 
ashlar or rubble, and for conferring hydraulic energy upon 
mortar for stone and brick masonry. At the same time it 
must be admitted that for similar purposes good Portland 
cement, suitably diluted with common lime, in order to 
bring it down to the standard cf the natural cements, is, in 
most localities, the least costly of the two. 

For concrete work laid green under water, these quick 
cements are almost invariably to be preferred in the hands of 
ordinary workmen, for the obvious reasons that most of them, 
not only hold the sand together, while in the plastic state, 
more tenaciously than Portland cement, but their prompt in
duration arrests the washing effects 'of the water, and tends 
to prevent the progressive separation of the sand and cement 
before it has had time to proceed far enough to produce 
serious injur'y to the concrete. 

Selenitic hme, or cement, paten ted by General Scott, of 
England, is prepared by mixing and grinding togethel' un
slaked eminently hydraulic lime of the ar illaceous type, and 
calcined gypsum, in the proportion of 93 to 95 per cent. of 
the lime, and 5 to 7 per cent. of the gypsull. When such a 
mixture is tempered to a paste with water, the slaking of the 
lime is prevented by the presence of the gypsum paste, and 
when made into mortar with the proper quantity of sand, it 
sets rapidly and weIl, and can be used for concrete or mason's 
work, with a very considerable ga in of strength. In Great 
Britain, the hmes that have been found to answer the best for 
this purpose are the Burham, the BIue Lias, and the Barrow 
Lias, and none of them require the addition of more than 7 
per cent. of calcined gypsum to arrest their slaking in the 
presence of water and render them selenitic. In preparing 
the selenitic mortar, the proportion of gypsum for a given 
quantity of the lime is first mixed to a creamy paste in a por
tion of the water necessary to be used for the bateh. After 
this the rest of the water iso stirred in, then the lime is stirred 
in, and lastly, the sand is added and thoroughly incorporated. 
The mortar is then ready for use. No more mortar should 
be gauged than can be used the same day. 

No suitable limes from selenitic mortar have yet been dis
covered in the United States. Several specimens that were 
hard, dense, and strong, of selenitic mortar plastering, and 
concrete, were exhibited by the Patent Selenitic Cement 
Company, of London, but their age and composition were 
not known. Some selenitic mortar was made under the 
direction of the agent of the company, with Howe's Cave 
hydraulic lime, rendered selenitic by the addition of five per 

CRUSHING AND TENSILE STRENGTH OF THE HYDRAULIC AND OTHER CEMENTS AT THE PHILADELPHIA EXHIBITION, 
TESTED IN THE MANNER EXPLAINED IN THE FOREGOING NOT ES. 
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Name of Exhibitor and Place of Manufacture. I
Crushlng Streng th. Tensile StreJ1�� 

I 
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-Inch. Inch. 
per Bq. I Trials. per Bq. 
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PORTLAND CEM
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1 Pounds. Pounds. !--
Toepffer, Grawitz, & Co., Stettin, Germany ............... .. . . . . . . . . .. . .. . ...... 1 1,439 12 216 3 
Hollick & Co., London, England .... ............ ............ ... .... ......... .. . 1,330 10 216 3 
Wouldham Cement Co., London, England ................. : .. .... ...... . . ... ,' 1, 140 12 199 3 
Saylor's Portland Cement, by Coplay Cement Company, Coplay, near Allentown, 

Pa., United States .. . .. ..... ... .. .. ... ....... . . .. .. ... . . ... . . .. ... 1,078 8 184 2 
Wampum Cement & Lime Co., Newcastle, Lawrence Co., Pa., United States ....... 968 12 168 3 
Pavin de Lafarge, Teil, canton of Viviers, department of Ardeche, France.. ....... 931 12 158 3 
A. H. Lavers, London, England . . . . . . .  ........ ...... ............ ............... 926 6 192 2 
Francis & Co., London, England . .. ... .. ... .... .  ...... ............. ... ....... 907 14 163 3 
Wm. McKay, Ottawa, Canada . ... ... ....... . .. . . ... . . . . . . " '" . . . . .. . . .. . . .. . . . 882 10 141 3 
Borst & Roggenkamp, Delfzyl, Netherlands..... .... .... .. . .. . ... ........ ...... 826 12 132 3 
Longuety & Co., Boulogne-sur-Mer, France .. ....... ........ . . . ........ ....... 764 12 108 3 
Riga Cement Co., by C. X. Schmidt, Riga, Russia.... . .  ..... . ... .. ............. 693 5 134 2 
Scanian Cement Co., Lomma, near Malmo, Sweden . . .. ........... ............... 606 14 112 3 
Bruno Hofmark, Port-Kund, Esthland, Russia...... ... . . .... .. . . .... ........ .. . .  580 6 154 2 

ROMAN AND OTHER CEMENTS. 

Copllfnil!I�!���C . ������' .. ��. ?��l.a!. ?���� . ��: � .���.
l�:: . ����. :�l!������,

. ��': 292 8 38 2 
16 Charles Tremain, Manlius, N. Y., United States ................................. . 276 12 47 3 
17 Allen Cement Co., Siegfried's Bridge, Pa., United States ........................ .. 
18 :P. Gauvreau, Quebec, Canada ......................... ....................... .. 

19 jRiga Cement Co., by C. X. Schmidt, Riga, Russia ...... ........................ . 
20 !Anchor Cement, by Coplay Cement Co., Coplay, near Allentown, Pa., United States 
21 jiCUmberland Hydraulic Cement.Co., Cumberland, Md., United States ............. . 
22 Soci��n�e�f!���r��ce

eh��� .. 
e
.������e

.�t .. �������i.���� .�� .l:�.��.��.�'
.
a
.
r���,. �.

r�s 

23 j,HOWe's Cave Associ'n, Howe's Cave, N. Y., U. S., No. 1. . ........... ...... .. . . .. . 
24 " " " " " N 2 

�� Societ�
'
Anonim�

'
per la fa��ricazzio�� deI cem��te :g�i!�i� �i:���ii�: ��iii�, :i:a:li: 

27 
28 
29 

1st quality 
2d quality 

Thomas Gowdy, of Limehouse, Ontario, Canada... . . .......................... . 
A. H. Lavers, London, England ................................................ . 

SCOTT'S SELENITIC CEMENT. 

30 :Patent Selenitic Cement Co., London, England (made with Howe's Cl\ve lime and 
pIaster) . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PARIAN CEMENTS. 

31 Frltncis & Co., London, England, 1st quality .................................... . 
32 

I 
" " " 2d quality .................................... . 

33 A. H. Lavers, London, England . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .  
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208 
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170 
170 

181 
154 
126 
122 

298 

1,175 
696 
200 
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12 
12 
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10 
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12 
12 
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20 

8 
12 
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43 
47 
44 
41 
41 

29 
28 
43 
31 

27 
22 
23 
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52 

181 
169 

51 

3 
2 
2 
3 
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2 
2 
2 
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3 
3 
2 
2 
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3 
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cent. of gypsum. Equal parts of lime and sand were em- ployed, and the necessary breadth was secured by slightly 
ploYl'd to render the results readily comparable with those chan�ng the position of the image instead of by the use of 
obtained with the Portland and Roman cements. The speci- a cylmdrical lens. Dr. Huggins has also been engaged in 
mens were not put into water after being moulded, and were taking l). series of photographs of the moon, and hopes to ob
tested when seven days old. 'Ihe results are recorded in the tain some information in regard to the question of a lunar at
accompanying table. Although the selenitic process confers mosphere of small extent. In the spectrum of a-Lyrre a line 
great additional strength upon the Howe's Cave line, it still occurs corresponding with H in the solar spectrum, and several 
falls far short of the English selenitic mortars, in conse- more refrangiblQ ones which he is at present unable to ex
quence, it is claimed, of the unfitness of the lime for t!:J.is plain. 

grll. in the course of twenty-four hours. He is also exam· 
ining a bag filled with salt water, and immeJ'sed in water, in 
order to ascertain whether salt as weIl as water is capaUe of 
traversing the septum. 

Lastly, Prof Guthrie exhibited a large series of Chladni's 
rings rendered permanent on cardboard by pressure, in con
tact with the plate which haU been caused to vibrate, in a 
copying press. The sand and lycopodium were caused to 
adhere firmly by dilute gull. 

process. Mr. Lockyer considered the results which Mr. Huggins is 
All the cements exhibited at Philadelphia were carefully obtaining to be of extreme importance, and he pointed out 

tested before awards were recommended by mixing them how he hopes a large se ries of photographs of stellar spectra 
dry in each case with an equal measure of clean sand, tem- i will afford valuable information in regard to the constitution 
pering the mixture with water to the consistency of stiff of certain substances now supposed to be elementary, such 
mason's mortar, and then moulding it into briquettes of suit- as calcium. Some time aga he communicated a paper to 
able form for obtaining the tensile strength on a sectional the Royal Society on the spectrum of this metal, and he con
area H inch square, equal to 2l: square inches. The bri- siders that it is not a simple substance, but that the H lines 
quettes were left in the air one day to set, then immersed in are due to two elementary substances of which it is composed; 
water for six days, and tested when seven days old. After and this supposition is confirmed by the fact that in the pho
thus obtaining the tensile strength in each case, the ends of tograph exhibited by Dr. Huggins only one of the H lines is 
the broken specimens were ground down to lt inch cubes, present-that is, only one of the constituents of thc metal 
which were used the same day for obtaining the compres- calcium is present in the star a-Lyrre. 
sive strength by crushing. The results, averaged from a "Artijicial Production oj Oolumnar Structure." Mr. 
number of trials with each sampie of cement, and divided W. C. Roherts read a paper giving an account of the 
by 21 in order to get the strength per square inch, are re- several theories which have hitherto been given as accounting 
corded in the following table. It may be stated in further for the phenomenon and that of cross-jointing as observed in 
explanation, that although the table shows beyond question, the Giant's Causeway, and he dwelt specially on the views of 
under the conditions named, the strength of the several Mr. R. Mallet and Prof. James Thomson. He found, as the 
specimens of cement exhibited, it may not correctly indicate result of experiment, that when certain masses of elay and 
the relative merits of the customary productions of the sand are heated to about 1,300° C. they contract to about the 
several manufactories represented. So me of them may same amount as a basalt does in passing from the molten to 
have used especial care in preparing the artiele exhi'lited, the solid state, and that beautiful columnar forms are pro
while others may have sent average sampies from stock on duced. He had hoped, by accumulating a number of speci
hand. mens, to have been able to establish a relation between the 

The quality of the well-known English Portll\nd cement strains at the point of rupture and the dimensions of the 
is fairly represented in the table, while that of Lonquety & hexagons; but, in the small masses employed, the strains were 
CO., of Boulogne, France, is not, for they have heretofore so numerous that it was impossible to apportion their influ
sold in the American market by the cargo a better artiele ences. He had, however, obtained a number of specimens 
than they sent to the Exhibition. The Scanian cement which possessed much interest. 
from Sweden was badly used, having been exposed for three Mr. Lecky referred to a very fine columnar cliff in the 
months in a loose pile on the floor before specimens of it island of Bedness, in Valencia Harbor, which he has exam
were furnished for testing. Its strength was doubtless ined in the hope of finding cross-joints, but, although some 
considerably impaired thereby, and the results obtained with breaks ex ist, there are none at all comparable to those in the 
it were lower than those previously reported by a Swedish north of Ireland. 
engineer. Mercurial Barometer.-Prof. Guthrie showed an arrange-

The Parian cements are not h,Ydraulic, and are used only ment he has recently devised, in the hope of making the mer· 
for interior work. They were mixed with an equal measure curial as sensitive as the water barometer. It consists of an 
of sand, and tested when seven days old, but the specimens ordinary syphon barometer, in which the two vertical tubes 
were not kept in water. They were allowed to harden in the are united by means of a long, uniform, horizontal tube, hav
air in one of the casemates of Fort Tompkins, Staten Island, ing a diameter considerably less than that of the main tubes. 
New York. The instrument is filled in the same manner as the ordinary 

PHYSICAL SOCIETY, LONDON, JANUARY, 1877. 

Profe�sor G. C. FOSTER, F.R. S., in the chair. 

Spectrum oj LyraJ.-Dr. Huggins exhibited an eRlarged 
view of a photograph, half an inch in length, of the sl/ee
trum of the star a-Lyrre, which he has recently taken lU a 
manner similar to that in which the spectrum of Sirius has 
already been obtained. The first results were very un
satisfactory, in consequence of the elockwork being insuf. 
ficient for maintaining the image of the star on the slit for 
a length of time. Mr. Grubh has, however, devised a 
secondary control apparatus, the employment of which 
renders it impossible for the error to exceed one-tenth of lL 

second. In the spectroscope employed the prism was of Ice
and spar, and the lenses of quartz. Dry plates were em-

syphon barometer, except that a bubble of air or dilute acid 
is left in the narrow tube. For a given rise of pressure the 
absolute amount of mercury which passes from the shorter 
to the longer tube depends upon their diameters, and, as this 
is great in comparison with the tube uniting them, the mo
tion of the bubble will be considerable in eomparison with 
that of the summit of the mercurial column. In the instru
ment exhibited the horizontal tube was formed into a spiral, 
in order that the vertical tubes might be in elose proximity. 

He then exhibited a number of thin india-rubber balloons 
filled with water, which he has arranged with a view to illus
trate the nature of jellies. When a jelly sets it is assumed 
that the solid matter collects in the form of cells containing 
liquid, which burst on the application of heat. By weigh
ing at intervals one of these india-rubber bags, he has found 
that evaporation takes place from its surface. Thus, with a 
bag weighing initially 749'4 grms., there was a loss of 0'95 
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PHYSICAL SOCIETY, LONDON, FEBRUARY, 1877. 

Professor G. C. FOSTER, F. R. S., President, in the chair. 
VORTEX MOTION. 

PROF. OSBORNE REYNOLDS exhibited a number of experi
ments in relation to vortex motion in fluids. They havc 
been gradually developed during the last few years, but are 
still in a very incomplete state, and he hopes that others will 
join him in the inquiry. Probably the reason why so little 
progress has been made in the determination of the e1emen
tary laws of fluid motion is that mathematicians have been 
without experimental data on which to found their calcula
tions. The well-known rin�s formed by a puff of smoke 
have been studied by many hJgh authorities, but not with a 
view to their general bearing on this subject. Prof. Rey
nolds first showed smoke· rings and their interference by 
means of the apparatus devised by Prof. Tait, and added 
that althou�h the theory of smoke-rings does not impl,Y tbat 
vortex motIOn is peculiar to vapors, their existence in lIquids 
was only pointed out by Mr. H. Deacon at a comparatIvely 
recent date. In studying the action of the screw-propellcJ', 
Prof. Reynolds noticed the systematic manner in which (he 
form of a disk moved obliquely through water is retained 
by the track of air which it produces. If a flat disk be snp
ported on a light frame, and caused to move rapidly through 
water, the motion ceases on withdrawin�the hand suddenly, 
but if this be done gradually the motIOn continues. By 
passing a colored liquid down a fine tube to tbe back of the 
disk, he found that a vor tex ring iR always formed, which 
passes to the rear of tbe disk, and the same effect is produced 
by dropping water from a height into water covered with 
a colored liquid. In a trough about 6 feet long, and at one 
end of which was a horizontal tube closed with sheet india
rubber, air rings were formed by introducing air into the 
tube, and then striking the india-rubber ext�rna!ly by means 
of a flat board; and it was shown that a rIng IS capable uf 
propelling a vane placed in its course, to the front of which 
it never advances. If the air be replaced by a colored liquid, 
the ring travels with considerable velocity, and the motion 
of a solid body of the density of water is in no degree com
parable. If a ring travels through a part of a liquid which 
has previously been colored, it causes no motion of transla
tion, and Prof. Reynolds coneludes that no resistance is 
offered to their motion. Nevertheless, the motion is gradu
ally stopped, but the ring is constantly enlarging by gather
ing water as it travels, and its momentum remains nearly 
constant. After adverting to the methods adopted to aseer
tain the direction and velocity of motion, the initial form of 
the ring was shown to be a spheroid. A solid of this form, 
however, is very slow in its passa�e through water, and he 
considers this to be due to frictlOn. He has succeeded in 
imitating the form of the ring by causing a disk surrounded 
by pieces of ribbon to move through water. Finally, Prof. 
Reynolds referred to Sir William Thomson's researches on 
the interference of two rings, and showed that the oscillating 
rings so produced can be formed in liquids by employing an 
oval in place of a circular aperture. 
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